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tttt e mobile multi-function rig 

5 

FTFT n OF TH F mVFNTION 

The present invention relates to drilling and servicing equipment for oil and gas 
weUs generally, and in particular relates to a mobile rig for transporting and operating 
equipment for continuous coiled tubing drilling, for conventional joined pipe handling and 

10 drilling and for wireline applications. 

RArKGROIP ^ OF THE INVENTION 

Drilling a well for tapping underground reservoirs of oU or gas is an expensive 
procedure that has made the petroleum exploration industry a competitive one where cost 
15 improving advancements are continually sought. Oil and gas drilling is currently most 
commonly accomplished with rotary rigs using conventional joined pipe sections. These 
rigs typically have jackknife type masts that are tall enough to handle up to 3 stands of 
joined pipe and thereby facUitate faster "trips" in and out of a weU bore. Automatic pipe 
handling apparatuses have been proposed for simplifying this laborious and time- 
20 consuming task (as in US patent 4,951,759 to Richardson for example), yet drilling 
procedures today remain very much the same for the past few decades. 

Once drilling is finished and the casing has been cemented in the weUbore, the 
drilling rig is usually moved, and a smaller, truck-mounted service rig is brought m to 
complete the well. Completing a successful weU, namely preparing it for production. 




CA 02235555 1998-04-21 



typically includes the steps of running a casing into the well, installing a wellhead, and 
, instalUng a production tubing string. Production tubing strings today may consist of 
continuous coiled tubing (referred to herein as "CT") carried on a spool on a service rig 
and which is injected inside the well casing using an injector head to straighten and push 

5 the tube down. 

Mobile service rigs with a mast for handling conventional pipe sections have been 
proposed, yet most require separate transport for their masts and all are of limited 
application. For example, EUiston (US patent 4,290,495) and Eddy et al. (US patent 
4,036,508) both describe a mobile rig incorporating a mast for effectively handling pipe 
10 strings in and out of a well. Neither Elliston nor Eddy offers a service rig adapted to 
handle other types of drilling or well servicing technology. MobUe rigs for doing 
continuous tubing drilling (CTD) also exist but most of the CT rigs in use today require 
the use of a separate crane to manipulate the blow-out-preventer (BOP) and injectors that 
are needed with this technology. Although there are rigs which have a collapsible mast 
15 along which an injector head can be raised or lowered without the need for a crane, such 
as in Baugh (US patent 4,265,304), these rigs suffer from various shortcomings. For 
instance, Baugh is not adapted for servicing slant weUs or accepting conventional joined 
pipe, nor can it perform other tasks such as wireline work. Such rigs also require time 
consuming removal of the injector head and/or the BOP off the mast for transporting the 

20 rig. 

Current mobile drilling and service rigs suffer from the further disadvantages. 
They encounter difficulties in properly aligning the guide path of the mast's traveling block 
with the centerline of a well. Misalignments often result in undesireable forces and 
damage to the pipe being run into and out of the well. They also require laborious 
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procedures when assembling a lubricator onto a wellhead. Further, CT service rigs have 
cartridge assemblies which are reel specific in that they can only handle a CT reel designed 
for that particular cartridge. Hence, CT must invariably be re-spooled from a shipping reel 
to the cartridge's work reel, wasting time and money. A CT unit operator typically needs 
5 to purchase an additional work reel for this purpose, which reel may cost up to 
US$100,000. 

What is desired therefore is a novel multi-task rig which overcomes the many 
disadvantages of the prior art devices. The novel rig should be mobile and combine on a 
single platform the ability to transport and operate equipment for continuous coiled tubing 
10 drilling, conventional pipe drilling and wireline operations. In particular, the rig should 
have a pivotal derrick for vertical and slant well operations, and an ability to tilt more than 
90 degrees. A CT injector should remain in the derrick at all times without removal for rig 
transport. The CT injector should be movable out of the plane of the derrick to free the 
derrick for running conventional joined pipe. The rig platform should be hydraulically 
15 movable to help align the derrick wth the well, and the derrick's injector should further be 
maneuverable in 3 dimensions for alignment with the well. A cartridge assembly earned 
by the rig should be adjustable for receiving various sizes of CT reel. A wirelme winch 
assembly should also be mountable on the platform and be wired to a control cabin for 
controlling the wireline equipment as well as most other rig systems from a single location. 

20 
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ST TMM ARY Q F THF. PRESENT INVENTION 

According to the present invention, there is provided in one a rig for drilling and 

servicing a well comprising; 

a mobile carrier; 

a mast mounted on said earner, said mast including; 

means for pivoting said mast between a transportation mode where said 
mast is in a reclined position for transporting said rig to said well, and an operating 
mode for inclining said mast generally parallel to said well for said drilling and 
servicing; and, 

an injector slidable to selected positions along said mast for moving tubing 
into and out of said well; 

a cartridge assembly mounted on the carrier for holding a reel of continuous coiled 
tubing, said cartridge assembly including a means for guiding said coiled tubing between 
said reel and said injector, 

a winch assembly removably mounted on said carrier for holding and manipulating 
wireline equipment into and out of said well; and, 

a control cabin mounted on said carrier for controlling rig functions, including said 
mast, injector, cartridge assembly, coiled tubing, winch assembly, and wireline equipment. 

In another aspect the invention provides a mobile rig for drilling and servicing an 
oil or gas well comprising; 

a self-propelled carrier; 

a mast mounted on said carrier, said mast including; 




r 
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means for pivoting said mast between a lowered transportation position for 
j transporting said rig to said well, and an raised operating position for inclining said 

mast to said well; and, 

an injector having an operative position wherein said injector is movable to 
5 a plurality of selected locations along said mast for threading continuous coiled 

tubing into and out of said well, and an inoperative position wherein said injector is 
displaced away from said operative position to allow said mast to accept and 
operate conventional joined pipe. 

10 In yet another aspect the invention provides a rig for drilling and servicing a well 

comprising: 

a mobile carrier; 

a mast mounted on said carrier, said mast including a means for pivoting said mast 
between a reclined position for transporting said rig to said well, and a raised position for 
15 inclining said mast generally parallel to said well, and an injector movable to selected 
positions along said mast for moving continuous coiletl tubing into and out of said well; 

a cartridge assembly mounted on the carrier for holding a reel of said coiled tubing, 
said cartridge assembly including a guide means for guiding said coiled tubing between 
said reel and said mast, and an adjustable frame means for accepting and holding a 
20 plurality of sizes of said reel; and, 

a control means for controlling the fiinction of said mast, cartridge assembly and 
coiled tubing. 
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p.>n:r nECmllT Ift^' nRAWlNCi FIGUR ES 

Etnbodimems of the invention will now be describetl. by way of eample only, with 

reference to the accompanying drawings, wherem; 

Rgu^e I is a side view of the rig according to a prefeiied enfcodhnent of the 

present invention showing various selected inclinations of a n«s, carried by tite rig; 

figure 2 is an end view of the rig of fig, 1 with the mast elevated generaUy 

vertically; 

Figure 3 is a plan view of the rig's carrier vehicle, 

Figure 4 shows the rig of fig l in a transportation mode with the mast in a 



generally horizontal reclined position; 

Figure 5 shows the rig of fig,4 with the mast in a slant operating mode for 
^mpulating continuous tubing into and out of mt inclined well, with an injector located a. 
some selected positions along the mast, and with a control cabin raised ,0 prov.de an 



operator with a better view of operations at a wellhead; 

5 Figure 6 shows the rig of 6g,5 wtth the mast in a vertical operating mode; 

Figure 7 shows the rig of fig.6 with the injector (at three selected positions) 

displaced laterally to allow the mast to handle conventional joined pipe; 

Figure 8 is a close-up, elevated side view of a cartridge assembly accordmg to a 

preferred embodiment for holding a reel of continuous tubing on the ng of fig.l; 

20 Figure 9 is an elevated end view ofthe cartridge assembly of fig.8; 

Figum 10 shows the cartridge assembly of fig.8 from the opposite side mtd with 



the reel removed; 

Figure 1 1 is an isolated view of a shaft placed through the reel of fig-8; and, 
Figure 12 is a plan view of a pumper unit for use with the ng of fig. 1. 
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LIST OF REFERENCE NUMBERS IN DRAWINGS 
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wellhead 


20 


rig 


21 


ground surfece 


, 22 


carrier of rig 20 


23 


longitudinal axis of earner 22 


24 


chassis of earner 22 


26 


front end/axles of carrier 22 


27 


support for derrick 40 


10 28 


rear end/axles of carrier 22 


29 


eng^e of carrier 22 


30 


cab of carrier 22 


32 


stabilizers for chassis 24 


34 


lifters of stabilizers 32 


15 36 


extending beam of stabilizer 32 


40 


derrick 


42 


rails of derrick 40 


44 


top end of derrick 40 


45 


bottom end of derrick 40 


20 46 


winch atop derrick 40 


47 


work platform on derrick 40 


48 


pin/pin assembly of derrick 40 


49 


secondary fastline winch 


50 


lower portion of derrick 40 
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5 



10 



15 



20 



52 telescoping cylinder for derrick 40 
60 BOP 

70 injector 

72 cradle of injector 70 

74 hangar of cradle 72 

76 first set of tracks of cradle 72 
78 second set of tracks of cradle 72 

80 cartridge assembly 

82 reel for cartridge assembly 80 
84 base of cartridge assembly 80 
86 pillar of cartridge assembly 80 

88 fluid swivel assembly on pillar 86 

89 axle for reel 82 

90 electrical collector on pillar 86 

9 1 beam of cartridge assembly 80 

92 drive motor for reel 82 

94 spooler of cartridge assembly 80 

96 track for spooler 94 

98 arms for track 96 

100 wireline winch assembly 

102 wireline drum for assembly 100 

110 control cabin for rig 

1 1 2 scissor elevators for cabin 1 1 0 

1 20 fluid/nitrogen pumper unit 
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p^QrBTPTlO M Ppt:ff.RRED FMPOPIMEN IS 

Refe«« is W mads to Figures 1 to 4 which show a mobile rig (generally 

designated by reference numeral 20) for uansporting drilling and servicing equipmon to 
or gas well sites. The equipment is located aboard a seff-propeBed carrier 22 having a 
r chasris or riame 24, a tandem asle riont end 26, a triple sale rear end 2S, a power un« or 
en^e 29 for driving the Iron, mtd/or rear axles, and a cab 30 with conventional comrols 
for steering the carrier over a ground surface 2. and fo, iocathtg the carriers rear end nc^ 

aweU The term -well- will be understood herein to mean either an odor gas well to e 

drilled, or an existing weU or wellhead (mdicated by 15 in fig..2) which is to be tested or 
s«viced in some way, as the case may be. The carrier incorporates a sen« o 
hydraulically opemted smbitos 32 (which imponan. feamre is described m greater dem. 
below) for lifimg the carrier 22 off the ground, some of which manipulate rite earner 
laterally relarive to dte well. 1. will be understood that the front and rear axle destgns may 
varr such as addmg a third front axle, depending on the anticipated weigh, of equtpmen. 
to be carried and the type of temain to be en»untered (e g. sandy desens, snow, swamps, 
etc,). 1 . will also be understood that the carrier's design is generally symmemcal about ,.s 

longitudinal axis. 

An important aspect of the rig 20 is its incorporation of a number of d g an 
servicing feamres aboard a single mobile carrier, including: 

„ a denick or mas. 40 pivotally mounted to the carrier and bmg capable of supportmg a 
blow out preventer 60 (referred to herein as "BOP"); 
an injector 70 supported by fte dertick for moving continuous or coiled ntbing (referted 

to herein as "CT") into and out of the well, 
a cartridge assembly 80 for holding various sizes of CT reel 82; 
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a winch assembly 100 for holding and manipulating wireline cable and testing equipment 
, into and out of the well through the derrick; and, 

a control cabin 1 10 for controlling these and other rig features. 

Hence, an important advantage of the rig of the present invention over the prior art is that 
5 the rig 20 is designed to carry and manipulate the principle forms of tubing, namely both 
conventional joined pipe and CT for drilling and servicing existing wells, as well as 
wireline equipment. These services may be conducted overbalanced or underbalanced, 
and on vertical or slant wells. It is noted that an inventory of conventional pipe sections is 
not stored and transported on the rig 20 but aboard a separate carrier truck. These and 
10 other advantages will become more apparent below. 

Referring again to the carrier 22, the carrier's generally rectangular deck or 
platform carries a number of stabilizers 32 at each comer for stabilizing the rig during 
operation, particularly on uneven terrain. Depending on the size and weight of the rig, 
intermediate stabilizers 32a may also be provided, as indicated in fig.4. Each stabilizer 32 
15 incorporates a vertically extendible hydraulic jack or lifter 34 for engaging the ground 21 
to level the rig as desired, thereby removing some or all of the rig's weight from the front 
and/or rear end axles 26, 28. As best seen in fig.2, the rear end 28 of the carrier includes 
an extra set of lifters 34a mounted on generally horizontal, hydraulically extendible beams 
or frame members 36 which slide relative to the carrier deck. The beams 36, which are 
20 controlled from a control panel on the rear deck of the carrier (i.e. near the rear stabilizers 
36), can move the rear end of the carrier laterally to the well, namely generally 
transversely to the longitudinal axis 23, to enhance alignment of the rig, and specifically 
the derrick, with the well. 



- 10 - 




CA 02235555 1998-04-21 



« n». .0 .he derrtck 40, i. has .wo ,on^.udio.ly spaced rads 42 (as he. 
i„ 2) joined b, a shncnnal .ie a. .he .op end or crown 44 where a convenuonal 

I.,ll..oca.edrorperforndn.™uhi,ehr^ionss„chas^^^^ 

„C injecror 70 and a i„hdca.or, as weh as manias joined pipe 
^I,a,,fas.hnewinch4,n.ay.soheioca.eda..hecrown44fornwn.p«^^^^^ 

‘ eo The fasrune winch 49 is preferabi, coa.ro«ed bon. d-e above no.ed condo, pa^ 

.hacanier-srearendso.ha..heopera.o,hasagoodc.earviewof.heBOPandw^ ea 

. nrocedures The ftsdine winch 49 ma, sBo be used for shdrng an 
auring ah^en. procedures ^ ^ 

adjustable platform 47 along the derrick for use by ng p ... in its 

^ i— » »• •’ “ *7 ■ 7: : 

working posidon near .he BOP above a well. , go fee, in leng.h so 

Referring now .0 6gu.es , and 4A .he denick shown rs abou. 60 fee. ,en^ 
ee .0 accorm.oda.e muUipie se«»ns of conven.iond jo-.ed pipe. TBe derrrck ai» 
Thl^ hrjecor 70. and is pivo.d,y nrounred .o .he carder 22 via a pur assenrbiy 
71 L rail 42. A .eles^ping derrick cylinder or leg 52 is anached ,o each and ,s 

::Ro..heco„.ro,panda..herearof.heca.er,.o.il..hederd^^ 

— -e and an op.a..„g - — 

“ .he . hcween we,, sues, in order .0 bdng .0 derdck clo. .0 

u ai • t rails 42 are spaced such that they fit on either side of th 
!ircabll'i’o and the cartridge assembly 80. As shown in fig.4 the derrick 40 is spht 
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extension 50 in the transportation mode so that the derrick's bottom end 45 does not 
protrude unduly from the carrier, thus reducing the risk of damaging the lower portion 
during transport. Prior to collapsing the lower portion 50 the BOP 60 is lifted off the 
wellhead by the fastline winch 49 and is placed on the carrier's rear deck just behind the 
wireline winch assembly 100 (as shown in fig. 4), and the injector 70 is lowered so as not 
to interfere with the control cabin 110 and cartridge assembly 110 upon reclining the 
derrick. The injector remains with the derrick during transport and need not be removed. 

In the operating mode the derrick is tilted to any one of a number of inclined 
positions relative to the carrier and ground surface to bring the derrick into general 
parallel alignment with the well, such as a slant mode (fig. 5) for operating on slant wells, 
and a vertical mode (fig.6) for vertical wells. During operation the derrick's gooseneck 
extension 50 is secured to the main upper part of the derrick so that the BOP may be 
located on the lower portion where required. The derrick of the present invention is 
further capable of being slanted beyond the vertical mode, namely into an "over-center 
position (shown in fig.l), to compensate for uneven ground conditions and thus enhancing 
the derrick’s well alignment capabilities. Further, such over-center tilting is beneficial for 
wireline work since the wireline equipment which hangs from the derrick is kept back 
from the rear end of the carrier and out of the plane of the derrick in the vicinity of the 
wellhead. 

A cradle 72 (fig.2) for supporting the injector 70 rides on the derrick's rails 42 to 
move the injector to a desired location along the derrick, with some selected locations 
being illustrated in figs 5-7. An inverted u-shaped hangar 74 extends above the cradle and 
is attached to a cable from winch 46 for sliding the cradle and injector along the derrick. 
The cradle has two sets of tracks to help align the injector with the well, namely a first set 
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onraOcs 76 f«, «ng .he U-iec. 0 , .ra.av«se„ be, ween .be rails 47 (i.e, wi,«n .be 
„f.be derriek fanned b, bs r.,s 47), and a second se. of backs 77 for moving the »ade 

and injeaor iaterad, fre, perpe^-l»'y •» P'“' , 

the embodinren. shown, .he second se. of backs 78 provide up .o 48 mch« of laKr 

, moven.enk and .he cradle is capable of .ravelmg along .he nms. whete .he eradle b 
,„ca.ed wi.hin dm derrick or slid laierally on. of.be plane of .he derrick. The enren. of d.e 
Ureral movemen. is indicared b, dobed ouU.es in Ugs.Sdrb, and fig,7 shows U.e rn.ec.or 
a. sele«ed elevabons moved larerally away ftom .he dernck by .he cradle 77, Sue la.e^ 
movement combmed wirh .he cradle's abiliry .0 slide on .racks 76 and along .he ^c s 
sails 47, provides .he injecor wi.h a ’S-D’ (i.e. 3 -dimensional) manipulanng capabd.^ for 

alig„nen.wi.h.hewell. Moving .he in.ec.or on. of .he plane of .he dernck also ft^e 

Uenick for naming convemional joined pipe d desired, such as for shUlow «11 dnlhng 

apphca.ion.wi.ho„..heneedforcomple.eremovalofU.einjec.orbomUmng. 

I, is need .ha. for Sian. operaUons U.C BOP is supporred ftom U.e hobom of .he 

,s injec. 0 . cradle 77 for sliding .he BOP over an inclined weUhead for hook-up. 

The carbidge assembly 80 is localed benveen .he fton. and rear axle seb 76. so 
.hm .he as^mbly can si. low on .he chassis .o keep i.s censer of gravi,, as close .o pound 
,evel as possible, while sriB allowing for .he power .rain and o.her rig componenu .o 
emend undemearh .he chassis as required. An imporian. feabrre of .he car.ndge assembly 
„ , i.s adjuslmen. capabili. .o acconnnoda.e mos. commercially available CT reds^ Pnor 

an cartridge assmblies am reel specific, namely .hey only accep. a reel d^gned for a 
particular cartridge, often requiring CT .0 be re-spooled ftom ,.s shrppmg ree to . e 
cartridge specific red. In .he present invention, .he cartridge assembly 80 can be ad.us. 

,0 accept virtually an, shipping reel 87 which carries 1 inch to 7 7,8 inch CT. rert,h.g in 
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considerable savings in time and money, and eliminating damage to CT from re-spooling, 
j The cartridge assembly 80, shown in greater detail in figs.8-11, has a base frame 

member 84 for mounting to the rig chassis, and upstanding pillars 86 capped by a fluid 
swivel assembly 88 which includes an axially extendible axle 89 for conforming to the 
5 width of the reel and rotatably carrying the reel 82 atop the pillars 86. The ends of the 
axle 89 have a bearing pack, and a collector 90 is located at least at one end for electrical 
transmission between the control cabin and equipment at the end of the CT. The pillar 86 
is vertically adjustable to suspend the axle and reel above the floor of the cartridge 
assembly for unobstructed rotation of the reel. A slidingly adjustable beam element 91 
10 extends between the pillars 86 for spacing the pillars to conform to the width of the reel 
82 to be supported. A drive motor 92 for spinning the reel is connected to the base 84 is 
length adjustable to frictionally engage a peripheral edge of the reel 82. A levelwind 
assembly for spooling or guiding the CT off of and onto the reel has a hydraulic spooler 
94 for handling CT in a known manner The spooler travels along a track element 96 
15 which is supported off of the pillars 86 by articulated arms 98 for adjusting the spacing of 
the spooler 94 from the reel 82. Depending on the inclination of the derrick 40 and the 
location of the injector 70 along the derrick, the levelwind assembly can be adjustably 
pivoted about the axle 89 through an angle of about 90 degrees or so (two positions of 
which are shown in fig. 1) to provide a gentle arc to the CT being spooled into the injector, 
20 as illustrated by the broken lines in fig. 1 . 

The winch assembly 100, also referred to as a wireline reel assembly, holds and 
manipulates a drum or reel 102 (shown in dotted outline) of wireline cable equipment. 
The wireline assembly ties into the rig's existing support systems, both hydraulic and 
electrical, to allow the rig to operate as a wireline facility. The wireline cable is directed 
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into the well directly from the winch assembly 100 through a wireline shieve mounted at 
the derrick's crown 44. The wireline winch assembly allows the rig to be used in "vertical" 
production logging and perforating (i.e. in slightly deviated wells with less than a 60 
degree inclination). The winch assembly may be removed from the chassis wh«i not 
5 needed, simply by removing the assembly 100 with a forklift or crane. It is noted that the 
CT reel 82 may be used in place of the wireline winch & drum to address production 
logging and perforating in horizontal and highly deviated wells (i.e. greater than 60 degree 
inclination). 

The control cabin 110 allows an operator to control most rig functions from one 
10 location, such as operation of the derrick, cartridge assembly, CT, winch assembly, and 
wireline equipment, which simplifies and accelerates rig set up operations. The cabin is 
mounted on scissor elevators 1 12 to provide the operator with a view toward the well area 
over the cartridge and winch assemblies 80, 100. The cabin is lowered for transport (see 
fig.4). 

15 The control cabin 110 houses various computer systems for rig control and 

operation. In the preferred embodiment, three principle computer systems are employed. 
The first computer system controls and monitors the carrier and the CT assembly, as well 
as a separate fluids/nitrogen pumper truck 120 (discussed below). Hence, from a single 
location, an operator can adjust the speed of pumps for fluids/nitrogen delivery to the 
20 well, manipulate the fluid manifold, monitor all engine functions (e.g. coolant levels, oil 
pressures, etc.) and operate the CT and BOP systems. The first computer also records the 
parameters of the drilling/servicing work being performed, such as fluid pressures, annulus 
pressure, CT string weight, flow rates, and volume of pumped fluids. These parameters 
can then be presented to the client for post job review. The first computer system can 
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««.efore also .he H. such as ,e«ing .he opc«.or know «h» a. 

„a filter must he changed, how m^y oil filters rentain in inventory, and when n»re filters 
„s, be ordeKd. Tins feantre is panicularly usefid when working in tsolated areas, sue 

as the arctic or remote deserts. 

, A second computer system is used to power and communicaK wifi. Ute CT sttmg 

OS a bonom hole assembly CBHA"). This surface system powers Ure BHA a. the erui of 

,heCTs.ringviaaco-ardalcable,urming.hrough.hecen.erof.heCTs.rmg Tbesetools 

include magnetometers and inclinometers tor direction and indination control, 
respectively. The s^em may also decipher ga^na ray data for direcfional dnlltng usmg 
geosteenng. The BHA may also acormulate data such as bonom hole presnrre and 

temperature, as weU as the weight on the bit. 

A third computer system is used for production logging and perforanon. Whereas 

production loggi.g/p«fo.a.ing until now reguued a CT uni. and separme producUon 
logging tnrek, the pr^t invention uniquely incorporates such funchons on one ng. 

,5 Combining such a -surface" computer system with the derrick 40 and wuehne wurch 

assembly 100 provides an efficient and cos. effecrive deUvery of servrees over exrsung 

4 -esn frtr fayamole a single rig is used for perforating on 

methods. In the present invention, for example, a smg g 

wireline or CT, underbalanced or overbalanced, and on slant weUs. 

Referring lastly to fig.l2, a fluid/nitrogen carrying pumper uni. 120 maybe used m 
„ coniunction with the rig 20 to supply the necessary materials for cleaning or enhancing 
pumping of the wefi. A swingKru. arm on the pumper uni. is used to operatively connect 

the pumper unit 120 to the rig 20. 

A wical rig-up procedure for the rig 20 may is now described. The rig 20 and 
combi pumper uni. 120. each operated by one crew member, are brought to a wett site. 
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The rig 20 is spotted over a wellhead and the rig stabilizers 32 are used to confirm 
j adequate alignment with the wellhead for construction of wellhead and injector 
components. This alignment may be confirmed with a plumbob device mounted on the 
rear of the rig. The control cabin 1 10 is then elevated, and the derrick 40 is raised at the 
5 same time as the gooseneck extension 50 travels out into alignment with the wellhead. 
The work platform 47 may next be lowered fi-om the crown using the secondary fastline 
winch 49 to a location just above the wellhead and folded out to a generally horizontal 
position from which the wellhead may be prepared for BOP 60 installation. The BOP is 
then lifted off the BOP stand at the rear of the carrier using the fastline winch, is 
10 positioned on the wellhead, and is secured with flange bolts. The mainblock winch 46 is 
lowered to the injector 70 which is unlocked and lifted fi'om its locked transportation 
position, thus allowing the injector to travel between the BOP and the derrick's crown 
using the winch 46. Depending on the location of the BOP, the injector should be fi-ee to 
travel about 40 feet (12.1 m) or so. 

15 The rig is now in a position to install the lubricator and BHA. The lubricator is 

cormected to the injector which in turn is lifted by the injector cradle 72 until a desired 
lubricator length (up to 40 feet) is installed via Bowen connection. CT is then run through 
the lubricator until a CT connector protrudes from the bottom end of the lubricator. The 
CT conneaor should be installed on the CT prior to arrival on location according to 
20 standard practice. The BHA is affixed to the protruding CT connector and the CT is 
pulled out of hole until the entire BHA has been pulled into the lubricator. A function test 
may now be performed to ensure the BHA tools are functioning properly. The injector 
next travels fi'om this "make-up" position to a "work" position over the wellhead, namely 
until the Bowen connection made atop the BOP. In drilling applications a kill line must be 
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hooded up. The combi pumper .20 is brough. aloug side .he Hg 20 for eleouica. em. 0 . 
ritrogen hook up, e, which poih. .he rig is ready for pressure .earing and subseque®. The 
reverse procedure is followed .0 bring .he rig .0 hs .ranspormhon mod. upon tas g 

„mka.u.ewe«head Similar procedures are followed for opera.ions using Joined prp. 

S .ecbons, alUmugh .he inieCor is moved la.er.ly ou. of.be derrick .0 allow Ore winch 40 
to manipulate the pipe sections. 

The operation and toher advamages of .he rig 20 should now be bener 
appreciared, particularly .0 .hose in tire oitigas well drilling and s«vici.g industiy The 
sMe rig 20 is multi..asking in .ha. i. can be used for CT services. CT dnllm^ 
,0 convention^iomed mbe drilling, and selecred wireline semces for well production resting 
and performing. A summary of some tire rig’s uses and capabilities rs se. ou. below. 

a) conventional CT; 



15 



20 b) 



i) 


cleanouts 


ii) 


scale/wax removal 


ui) 


acid treatments 


iv) 


cement placements 


V) 


CT completions 


vi) 


horizontal production testing 


vii) 


horizontal perforating 


CT drilling: 


i) 


vertical re-entries 


ii) 


window milling 


iiil 


directional re-entries 
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iv) shallow vertical wells (i e. those generally less than 1000 m (about 3300 ft.) 
below surface) 
c) wireline services 

i) produaion log^g 

ii) perforating 

iii) miscellaneous conventional wireline work 

All of the above services may be conducted by the rig 20 either overbalanced or 

underbalanced, and on slant wells* 

Hence, although the rig 20 is smaller and more compact than enisling CT ngs, it 
,0 addresses the same work scope as the existing rigs and numerous additional functions 
which the existing rigs lack, such as wireline work, slant drilling and ability to work 
underbalanced. The rig of the present invention is particularly suitable for shallow well 
drilling, and the single rig provides one with the option of completing a weU using either 

CT or joined pipe. 

,5 Further, CT units are typically built on the deck of a truck or on the trailer of a 

semi-truck. The rig 20 is the first of its kind to be built on a service rig chassis, although 

the frame, suspension, power train, etc. had to be designed to accommodate CT cartridge 
assembly. As noted earlier, for instance, the reel 82 had to be positioned m a manner so 
that the carrier's driveshaft was left with sufficient ground clearance. 

20 The derrick 40 of the present invention incorporates a winch 46 and injector 70 on 

a derrick as one unit, yet remains lightweight and maneuverable compared to prior art 
derricks which do not carry such features. In particular, the injector remains with the 
derrick at all times, including during transport, whereas prior derricks reriuire its removal 
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and often a separate truck for its transport. The derrick 40 and cabin controls should 
j provide a set up time onto a well in 5 minutes or less, in a virtually hands-fi^ operation. 

The ability of the adjustable cartridge assembly 80 to accept any one of a variety of 
shipping reels on which CT arrives at a well site omits the logistical ni ghtmar e of 

5 respooling the CT onto a work reel mounted on a CT unit. The savings in time and costs 

is considerable, particularly because an additional work reel for respooling need not be 
purchased by the CT unit operator (the capital cost of some work reels being in the range 
of US$1 00,000). 

The rig can be easily maneuvered into alignment over a well using the system of 
10 stabilizers 32, either alone or in conjunction with the tiltability of the derrick and the 3-D 
maneuverability of the injector and cradle 70, 72. 

The above description is intended in an illustrative rather than a restrictive sense, 
and variations to the specific configurations described may be apparent to skilled persons 
in adapting the present invention to other specific applications. Such variations are 
15 intended to form part of the present invention insofar as they are within the spirit and 

scope of the claims below. For example, the rig may be used in application other than for 

oil/gas wells, such as for subterranean river crossings, drilling under roadways and city 
blocks, etc., particularly when used in combination with the pumper unit 120. 

20 
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I claim; 

1 . A rig for drilling and servicing a well comprising; 

(a) a mobile earner; 

5 (b) a mast mounted on said carrier, said mast mcluding; 

0) meam for pivottag said mast between a transporution mode where said 
mast is in a reclined position for transporting said rig to said well, and an operatmg 
mode for inclining said mast generally parallel to said well for said drilling and 

servicing; and, 

jQ (ii) an injector slidable to selected positions along said mast for movmg tubmg 

into and out of said well; 

(c) a cartridge assembly mounted on the carrier for holding a reel of continuous coded 
tubing, aid cartridge assembly including a means for guiding said coiled tubing between 

said reel and said injector; 

15 (d) a winch assembly removably mounted on said carrier for holding and manipulating 

wireline equipment into and out of said well; and, 

(e) a control cabin mounted on said carrier for controlling rig Srnctions, including said 
mast, injector, cartridge assembly, coiled tubing winch assembly, and wireline equrpment. 

» 2. The rig of claim 1 wherein said mast is adapted to selectively accept conventional 
joined pipe and said coded tubing for drilling producing and testing said well. 

3. The rig of claim 2 wherein said mast includes a aadle for sliding said injector 
along said mast, said cradle being lirrther movable laterally to said mast for displacing said 
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injector (a) away from the mast to allow said mast to handle said conventional joined pipe 
I and (b) into alignment with said mast so that said injector may be used to manipulate said 
coiled tubing. 

5 4. The rig of claim 1 wherein said mast includes means for maneaivering said injeaor 

and tubing into alignment with said well. 

5. The rig of claim 4 wherein said means for maneuvering comprises a cradle for 
sliding said injector along a longitudinal axis of said mast and for moving said injector in a 

10 plane orthogonal to said longitudinal axis. 

6. The rig of claim 1 wherein said means for pivoting pivots said mast to at least a 
vertical orientation relative to said well. 

15 7. The rig of claim 6 wherein said means for pivoting is further adapted to provide an 

angle of inclination between said carrier and mast of greater than 90 degrees. 

8. The rig of claim 1 wherein said cartridge assembly includes an adjustable frame for 
accepting and holding a plurality of sizes of said reel. 

20 

9. The rig of claim 8 wherein said adjustable frame includes vertically adjustable 
pillars for accepting and supporting said reel therebetween, and an adjustable elongate 
base support member extending between said pillars for providing an appropriate spacing 
between said pillars to accept said reel. 
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,0 The rig of cWm 9 whereio a drive mo.or located on said adjusuhle ftante is 
. shd^l, adjustable to engage a c— ntia. edge of said reel to totate said «e. » satd 

cartridge assembly. 

5 u Therigofclaim9»hereinsaidmeansfo,guidingcon.prisesaspoolero^^^ 

at«k ntembet. and ann nteans fo, supporiing said track ntentber on said adjusubleleg. 
aaid ann means being aniculated to adjust the spacing of the spooler ftom the ree emg 

located in the adjustable frame. 

,0 12, Therigofclainrlwhereinsaidcarrierhasastabilizernmansforlifta^ 



from its ground support 



and for manipulating said carrier relative to said well. 



,3 The rig of claim 12 wherein said stabilizer means comprises a. least one pan of 
venicah, adjustable hydraulic lifters located a, longirirdhmlly oppose ends of smd cam.. 
,5 a. least some of said lifters having a ftame memb. slidably engaged to sard earner or 
moving said carrier generally laterally relative to said well. 



14. The rig of claim 1 wherein said carrier 



IS 



adapted to carry and transport a blow out 



preventer to said well, and said mast 
20 preventer for mounting onto said well 



15. The rig of claim 14 wherein said mast 
lowering said injector and for running conventional joined pipe. 



includes a first winch to manipulate said blow out 



includes a second winch for raising and 
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16. The rig of claim 2 further including a pumper unit for supplying fluids to said 
conventional joined pipe and coiled tubing for drilling and servicing of the well. 

17. The rig of claim 1 wherein smd control cabin houses a first control means for 
5 generally controlling and monitoring at least the carrier and the cartridge assembly, a 

second control means to power and communicate with at least the coded tubing and a 
bottom hole assembly located on said coiled tubing and a third control means for 
production logging and perforation operations. 

10 18. A mobile rig for drilling and servicing an oU or gas well compnsmg; 

a self-propelled carrier; 

a mast mounted on said carrier, said mast including. 

means for pivoting said mast between a lowered transportation position for 
transporting said rig to said well, and an raised operating position for inclining said 
15 mast to said well; and, 

an injector having an operative position wherein said injector is movable to 
a plurality of selected locations along said mast for threading continuous cofled 
tubing into and out of said well, and an inoperative position wherein said injector is 
displaced away from said operative position to allow said mast to accept and 
20 operate conventional joined pipe. 

19. The mobile rig of claim 18 wherein the mast has two longitudinally spaced rails 
along which said injector is movable, a top portion with a joined pipe handling means, a 
bottom portion for location adjacent said well, and an operative plane generally defined by 



- 24 - 




CA 02235555 1998-04-21 



«>id spaced rails and said top and bottom portions, wherein in said operative position said 
mjector is generally located in smd operauv. plane, and in said moperative position satd 

injector is displaced out of said operative plane. 

5 20. The mobik rig ofclaint 19 wherein said mast includes a cradle slidably mount«^ 

said rails for moving said injector along said mast in said operative position, said cradle 
having a second track element slidably mounted to said injector for sliding said m,ector 

laterally to said mast to said inoperative position. 

10 21. The mobile rig of claim 19 wherein said injector Rrrther includes a first track 
element for aligning said injector with said well. 

22. The mobile rig of claim 21 wherein said first track element comprises a cradle for 

moving said injeaor along a longitudinal aids of said mast and for sliding said injector 

15 transversely between said spaced rails. 



23. The mobde rig of claim 18 wherein joined pipe handUng means composes a 
mainblock winch, and said top portion of the mast further includes a platform winch for 
raising and lowering a blow out preventer carrier aboard said earner. 

24 . A rig for drilling and servicing a well comprising; 
a mobile earner; 

a mast mounted on said carrier, said mast including a means for pivoting said mast 
between a reclined position for transporting said rig to said well, and a raised porition for 
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inclining said mast generally parallel to said well, and an injector movable to selected 
^positions along said mast for moving continuous coiled tubing into and out of said well; 

a cartridge assembly mounted on the carrier for holding a reel of said coiled tubing, 
said cartridge assembly including a guide means for guiding said coiled tubing between 
5 said reel and said mast, an adjustable frame means for accepting and holding a plurality of 
sizes of said reel, and a drive motor located on said frame means is slidably adjustable to 
engage a circumferential edge of said reel to rotate sad reel in said cartridge assembly; 

and, 

a control means for controlling the function of smd mast, cartridge assembly and 
10 coiled tubing. 

25. The rig of claim 24 wherein said adjustable frame means includes vertically 
adjustable pillars for accepting and supporting said reel therebetween, and an adjustable 
elongate base support member extending between said pillars for providing an appropriate 

15 spacing between said pillars to accept said reel. 

26. The rig of claim 24 wherein said guide means comprises a spooler operable on a 
track member, and arm means for supporting said track member on said adjustable legs, 
said arm means being articulated to adjust the spacing of the spooler from the reel being 

20 located in the frame means. 
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ABSTRACT O F THF. niSCLQSURE 

A mobile hybrid rig adapted to run coiled tubing (CT) and wireline equipment for 
oU and gas wells can also accommodate conventional joined pipe for drilling of shallow 
wells. The rig incorporates; a chassis and power unit for rig transport, an adjustable 
platform with a number of hydraulically operated stabilizers for alignment to wellhead; a 
mast pivotable into slanted or vertical positions for CT operation with a Blow Out 
Preventer (BOP) and an injector; a cradle for supporting the injector and aligiMg it to the 
10 wellhead; a CT reel cartridge assembly adapted to running currently available CT reels; a 
winching facility for manipulating wireline equipment; and a control cabin for mana^g ng 



activities. 
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FIG. 2 





FIG. 7 







